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Measurement of Radiation in Soil in the Middle of Gaza Strip 
         In this thesis, we measured the activity of Alpha, Beta particles and 
Gamma Radiation in soil in the middle of Gaza Strip in general form by 
using five types of detectors. These detectors are: Solid State Nuclear 
Track Detectors (CR-39), Geiger Counter, Gamma Spectrometer, 
Scintillation counter and Portable Electra Plus. The middle region of 
Gaza Strip divided into four areas, in our survey, included Dier El Balah 
(D), Mughazi (M), Buriej (B) and Nusairat (N).  
        From each area we have obtained ten of samples, each sample taken 
at the depth of one meter from the earth surface, the subsurface sample 
weight equal one kilogram. We removed the stones and roots from the 
samples, after that, the sample was placed in plastic bags, each sample 
was divided into two  parts, each part was placed in a cup and  CR-39 
fixed on the lower surface of the cover of cup. The distance between the 
surface of the soil and CR-39 is very small, we put all of the samples in 
the saving place. The exposure time for the detectors was 60 days during 
the months October, November and December of 2004 to allow radon gas 
to come to an equilibrium level. The collected detectors were chemically 
etched using a 6 M (Mole) solution of NaOH, at a temperature of 700C, 
for 5 hours, (standard etching condition). The number of tracks per cm2 in 
each detector where manually counted by an optical microscope with 
power of (40×10). 
       We measured the average of Gross Alpha contamination in Bq/m3. 
Results obtained show that the concentration of alpha activity ranges 
from (2.8 – 23.47) Bq/m3, the average value 6.36 Bq/m3 and standard 
deviation 2.73. Results obtained show that the average gross alpha 
contamination in Deir El Balah 8.87 Bq/m3, Mughazi 5.54 Bq/m3, Bureij 
5.96 Bq/m3 and Nusairat is 5.096 Bq/m3. 
        The collected samples exposed to Geiger counter and we put the 
probe of the device on the surface of each sample, we measured the 
pulses from the samples through 300 sec. We found that the radiation 
concentration in soil in the studied areas raging between (6.6-12.6) CPM 
(Count per Minute), the average value 11.23 CPM with standard 
deviation 3.11. Results obtained show that in Dier El Balah is 10.69 
CPM, in Mughazi is 10.78 CPM, in Buriej is 10.57 CPM and in Nusairat 
is 12.88 CPM.  
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          We investigated the forty samples using Gamma Spectrometer and 
we found the radiation concentration to radioisotopes in our soil samples 
which are defined to gamma spectrometer device. The results obtained 
are in Deir El Balah region the average of activity for Iodine-129 isotope 
equal 0.59 pCi/gm this value is greater than other regions, in Mughazi 
region the average of activity for Iodine-125 isotope equal 1.47 pCi/gm 
this value is greater than other regions, in Bureij region the average of 
activity for Cesium-137 and Chromium-51 equal 0.68 pCi/gm and 0.78 
pCi/gm respectively this values are greater than other regions, and in 
Nusairat region the average of activity for Cobalt-57 isotope equal 0.26 
pCi/gm this value is greater than other regions. 
        We can note that there is one sample in Deir El Balah region that has 
high radiation concentration from Iodine-129 of 2.45 pCi/gm. 
        The samples there exposed to Scintillation Counter and found the 
spectra of each sample of the four regions. We conclude that the results 
for this device showed low background.  
        After that, we measured the Alpha and Beta concentration using 
Electra Plus portable rate meter in the forty samples. We found that the 
Alpha concentration in Deir El Balah region equal 0.24 CPM, Mughazi 
0.53 CPM, Bureij 0.48 CPM and Nusairat 0.43 CPM, we also found Beta 
concentration in Deir El Balah 26.29 CPM, Mughazi 23.87 CPM, Bureij  
25.77 CPM and Nusairat 24.28 CPM. Certainly, this study was  
conducted to provide us with measurements and extrapolations about 
radiation concentration in general form in soil and try to expect the health 
effects that radiation might cause in the future, especially from the 












           Radiation is all around us, It is naturally present in our 
environment and has been since the birth of this planet. Consequently, 
life has evolved in an environment which has significant levels of 
ionizing radiation. Radiation comes from outer space (cosmic), the 
ground (terrestrial), and even from within our own bodies. It is present in 
the air we breathe, the food we eat, the water we drink, and in the 
construction materials used to build our homes. Certain foods such as 
bananas and Brazil nuts naturally contain higher levels of radiation than 
other foods [1]. Brick and stone homes have higher natural radiation 
levels than homes made of other building materials such as wood and 
contains higher levels of natural radiation than most homes [1]. 
             Levels of natural or background radiation can vary greatly from 
one location to the next. For example, people residing in Colorado are 
exposed to more natural radiation than residents of the east or west coast 
because Colorado has more cosmic radiation at a higher altitude and more 
terrestrial radiation from soils enriched in naturally occurring uranium. 
Furthermore, a lot of our natural exposure is due to radon, a gas from the 
earth's crust that is present in the air we breathe [1]. 
1.2 Types of Radiation 
- Ionizing Radiation. 
- Non-Ionizing Radiation. 
          We encounter electromagnetic waves every day. These waves 
consist of visible light, radio and television waves, ultra violet, and 
microwaves with a spectrum of energies. These examples of 
electromagnetic waves do not cause ionizations (non-ionization) of atoms 
because they do not carry enough energy to separate molecules or remove 
electrons from atom. 
1.2.1 Types of Ionizing Radiation 
 Ionizing radiation includes: 
a)  Electromagnetic waves 
           X-rays and Gamma rays are energy transmitted in waves without 
the movement of any material. X-rays and gammas differ in their origin. 
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X-rays are emitted by an electrical device. Gamma rays are produced by 
unstable or radioactive isotopes [2]. 
b)  Elementary Particles (n, e, p, …) 
 1-Neutrons are uncharged particles. They are one of the particles that 
make up an atomic nucleus. Because they have no charge, they are very 
penetrating. 
2-Electrons are small negatively charged particles also found in all 
normal atoms. They are about 1800 times smaller than neutrons. 
Electrons are often given off when radioactive materials break down, in 
which case they are called Beta rays. 
3-Protons are positively charged particles found in every atomic nucleus. 
Their mass is close to that of a neutron. Protons are the chief constituent 
of primary cosmic rays. 
4-Alpha particles are identical to the nuclei of helium atoms, composed of 
two protons and two neutrons. They are positively charged, and are 
usually emitted when heavy radioactive isotopes, such as uranium, break 
down [2]. 
5-Heavy ions, larger than alpha particles, are the nuclei of any atoms that 
have been stripped of their electrons. They move at great speeds and have 
large amounts of energy. They are common in outer space, and may also 
be produced by special types of accelerators [2].  
1.3 The Law of Radioactive Decay  
            On emission of α-or β-rays which are usually, but not always, 
accompanied by the emission of γ-rays, the emitting parent nuclides get 
transformed into those of new daughter elements; the daughter nuclides 
themselves are radioactive, so that the process of radioactive 
disintegration continues, until the original active parent nuclide gets 
transformed into a stable one, usually lead, through series of successive 
disintegrations [3]. 
 
           The rate of radioactive disintegration at any instant of time t is 
directly proportional to the number Nt of active nuclides existing in the 
sample under study at that instant, that is   
                               
  dNt / dt = - λ Nt                                                    ……………………(1.1)   
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(the negative sign indicating that Nt decreases with t) where λ, the 
constant of proportionality, called the radioactive constant, is 
characteristics of the nuclide under study; it depends on the energy 
available for the nuclear transformation and on the characteristics of the 
parent and the daughter nuclei, and is not influenced by external 
conditions and the age of the radioactive sample. 
Rewriting eqn. (1.1) as:- 
 
  dNt / Nt = - λ dt                       
and integrating from t=0 to t=t,we get 
 
Nt =N0 exp(- λt)                                                         …………………(1.2)  
         
           Showing that the number of radioactive nuclides atoms decreases 
exponentially with time. the fundamental, eqn.(1.1),,is a statistical one 
which tells us that the probability of decay of a given nuclide in a short 
interval of time dt at t is |dNt/Nt|=λ dt independent of the age of the 
nuclide. we cannot say which of the Nt atoms will disintegrate at the 
instant t but can only infer that the rate of disintegration will be 
proportional to Nt .  
       The activity At of a sample of radioactive substance at any instant of 
time t is defined as the number of disintegrations occurring in the sample 
in unit time at t, that is , 
At =│  dNt / Nt │= λ Nt                                               ………………..(1.3) 
The unit of this activity is called the Curie and was originally defined as 
the activity of radon in secular equilibrium with one gram of radium, 
radon being the daughter product of the disintegration of radium. This 
unit is a convenient one while dealing with radium and its products. For 
other radioactive substances, the above definition is not so convenient 
and hence the Curie(Ci) is redefined as the activity of any radioactive 
substance which disintegrates at the rate of 3.7×1010 disintegrations per 
second; this value, while it is very close to the original unit, is now 
independent of the disintegration constant of radium.  
         Another unit is the Rutherford which is defined as a disintegration 
rate of 106 disintegrations per second. 
The half life or period of radioactive nuclide is defined as the time T1/2 
taken for the activity of a sample of a nuclide to be reduced to half the 
value which it possessed at the instant from which T1/2  is measured. 
This means    ( NT1/2) /(N0) = 1/2   in eqn.(1.2) whence  
 
T1/2 = ln 2/ λ = (2.303log2)/λ = 0.693/ λ 
Or   λ T1/2  =0.693                                                …………………….(1.4) 
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T1/2 is independent of the instant from which is measured and ranges in 
value from 1010 years to 10-7s depending on the radioactive nuclides [3]. 
 
1.4 Radiation Units 
         When scientists measure radiation, they use different terms 
depending on whether they are discussing radiation coming from a 
radioactive source, the radiation dose absorbed by a person, or the risk 
that a person will suffer health effects (biological risk) from exposure to 
radiation [4]. 
          Most scientists in the international community measure radiation 
using the System International (SI), a uniform system of weights and 
measures that evolved from the metric system. In the United States, 
however, the conventional system of measurement is still widely used.  
         Different units of measure are used depending on what aspect of 
radiation is being measured. For example, the amount of radiation being 
given off, or emitted, by a radioactive material is measured using the 
conventional unit curie (Ci), named for the famed scientist Marie Curie, 
or the SI unit Bequerel (Bq). The radiation dose absorbed by a person 
(that is, the amount of energy deposited in human tissue by radiation) is 
measured using the conventional unit Rad or the SI unit Gray (Gy). The 
biological risk of exposure to radiation is measured using the 
conventional unit Rem or the SI unit Sievert (Sv) [4,5].  
        When a person is exposed to radiation, energy is deposited in the 
tissues of the body. The amount of energy deposited per unit of weight of 
human tissue is called the absorbed dose. Absorbed dose is measured 
using the conventional Rad or the SI Gy.  
       The Rad, which stands for radiation absorbed dose, was the 
conventional unit of measurement, but it has been replaced by the Gy. 
One Gy is equal to 100 rad [4]. 
          A person's biological risk (that is, the risk that a person will suffer 
health effects from an exposure to radiation) is measured using the 
conventional unit Rem or the SI unit Sv.  
         To determine a person's biological risk, scientists have assigned a 
number to each type of ionizing radiation (alpha and beta particles, 
gamma rays, and x-rays) depending on that type's ability to transfer 
energy to the cells of the body. This number is known as the Quality 
Factor (Q).  
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        When a person is exposed to radiation, scientists can multiply the 
dose in Rad by the quality factor for the type of radiation present and 
estimate a person's biological risk in Rems. Thus, risk in Rem = Rad X Q.                        
The Rem has been replaced by the Sv. One Sv is equal to 100 Rem [4,5]. 
1.5 Sources of Radiation 
As shown in figure (1.1) the sources of radiation are natural background 
and man-made. 
1.5.1 Natural Background Sources 
• Cosmic Radiation  
• Terrestrial Radiation  
• Internal Radiation  
 
             Figure (1.1) Typical annual radiation doses from natural and man-made sources 
(National Council on Radiation Protection and Measurement 1987) 
a) Cosmic Radiation 
         The Earth, and all living things on it, are constantly bombarded by 
radiation from space, similar to a steady drizzle of rain. Charged particles 
from the sun and stars interact with the Earth’s atmosphere and magnetic 
field to produce a shower of radiation, typically beta and gamma 
radiation. The dose from cosmic radiation varies in different parts of the 
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world due to differences in elevation and the effects of the Earth’s 
magnetic field [6].  
b) Terrestrial Radiation 
           Radioactive material is found throughout nature. It occurs 
naturally in the soil, water, and vegetation. The major isotopes of concern 
for terrestrial radiation are uranium and the decay products of uranium, 
such as thorium, radium, and radon. Low levels of uranium, thorium, and 
their decay products are found everywhere. Some of these materials are 
ingested with food and water, while others, such as radon, are inhaled. 
The dose from terrestrial sources varies in different parts of the world. 
Locations with higher concentrations of uranium and thorium in their soil 
have higher dose levels [6].  
c) Internal Radiation 
          In addition to the cosmic and terrestrial sources, all people have 
radioactive potassium-40, carbon-14, lead-210, and other isotopes inside 
their bodies from birth. The variation in dose from one person to another 
is not as great as the variation in dose from cosmic and terrestrial sources 
[6].  
1.5.2   Man-Made Sources 
          Although all living things are exposed to natural background 
radiation, two distinct groups are exposed to man-made radiation sources: 
members of the public and occupationally exposed individuals. 
a) Members of the Public 
          Man-made radiation sources that result in an exposure to members 
of the public are:  
• Tobacco  
• Televisions  
• Medical x-rays  
• Smoke detectors  
• Lantern mantles  
• Nuclear medicine  
• Building materials  
         By far, the most significant source of man-made radiation exposure 
to the public is from medical procedures, such as diagnostic x-rays, 
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nuclear medicine, and radiation therapy. Some of the major isotopes are 
I-131, Tc-99, Co-60, Ir-192, and Cs-137.In addition, members of the                                                                                                                                  
public are exposed to radiation from consumer products, such as tobacco 
(polonium-210), building materials, combustible fuels (gas, coal, etc.), 
ophthalmic glass, televisions, luminous watches and dials (tritium), 
airport x-ray systems, smoke detectors (americium), road construction 
materials, electron tubes, fluorescent lamp starters, lantern mantles 
(thorium), etc.  
       Of lesser magnitude, members of the public are exposed to radiation 
from the nuclear fuel cycle, which includes the entire sequence from 
mining and milling of uranium to the disposal of the used (spent) fuel. 
These are uranium and its daughter products. The final sources of 
exposure to the public are shipment of radioactive materials and residual 
fallout from nuclear weapons testing and accidents, such as Chernobyl 
[6].  
b) Occupationally Exposed Individuals 
Occupationally exposed individuals work in the following environments:  
• Fuel cycle  
• Industrial radiography  
• Radiology departments (medical)  
• Radiation oncology departments  
• Nuclear power plants  
• Nuclear medicine departments  
• National (government) and university research laboratories  
            Occupationally exposed individuals are exposed according to their 
jobs and to the sources with which they work. The exposure of these 
individuals to radiation is carefully monitored with the use of tiny 
instruments called dosimeters. Some of the isotopes of concern are 
cobalt-60, cesium-137, americium-241, and others [6].  
1.6 Interaction of Radiation with Matter 
1.6.1 Energy Absorption 
          The transfer of energy from the emitted particle or photon to an 
absorbing medium has several mechanisms. These mechanisms result in 
ionization and excitation of atoms or molecules in the absorber. The 
transferred energy is eventually dissipated as heat. 
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          Ionization is the removal of an orbital electron from an atom or 
molecule, creating a positively charged ion. In order to cause an 
ionization, the radiation must transfer enough energy to the electron to 
overcome the binding force on the electron. The ejection of an electron 
from a molecule can cause dissociation of the molecule. 
 
         Excitation is the addition of energy to an orbital electron, there by 
transferring the atom or molecule from the ground state to an excited state 
[7]. 
1.6.2 Interaction of Alpha Particles with matter 
         Interactions between the electric field of an alpha and orbital 
electrons in the absorber cause ionization and excitation events. Because 
of their double charge and low velocity (due to their large mass), alpha 
particles lose their energy over a relatively short range. One alpha will 
cause tens of thousands of ionizations per centimeter in air.  
        The range in air of the most energetic alpha particles commonly 
encountered is about 2 cm. In denser materials, the range is much less. 
Alpha particles are easily stopped by a sheet of paper or the protective 
(dead) layers of skin [7].  
1.6.3 Interaction of Beta Particles with matter  
          Normally, a beta particle loses its energy in a large number of 
ionization and excitation events. Due to the smaller mass, higher velocity 
and single charge of the beta particle, the range of a beta is considerably 
greater than that of an alpha of comparable energy. Since its mass is equal 
to that of an electron, a large deflection can occur with each interaction, 
resulting in many path changes in an absorbing medium [7].  
          If a beta particle passes close to a nucleus, it decreases in velocity 
due to interaction with the positive charge of the nucleus, emitting x-rays 
(bremsstrahlung). The energy of the bremsstrahlung x-rays has a 
continuous spectrum up to a maximum equal to the maximum kinetic 
energy of the betas. The production of bremsstrahlung increases with the 
atomic number of the absorber and the energy of the beta. Therefore, low 
Z materials are used as beta shields.  
         A positron will lose its kinetic energy through ionizations and 
excitations in a similar fashion to a negative beta particle. However, the 
positron will then combine with an electron. The two particles are 






         Gammas and x-rays differ only in their origin. Both are 
electromagnetic radiation, and differ only from radio waves and visible 
light in having much shorter wavelengths. They have zero rest mass and 
travel with the speed of light. They are basically distortions in the 
electromagnetic field of space, and interact electrically with atoms even 
though they have no net electrical charge. While alphas and betas have a 
finite maximum range and can therefore be completely stopped with a 
sufficient thickness of absorber, photons interact in a probabilistic 
manner. This means that an individual photon has no definite maximum 
range. However, the total fraction of photons passing through an absorber 
decreases exponentially with the thickness of the absorber [7]. 
1.7 Biological Effects of Radiation 
         We tend to think of biological effects of radiation in terms of their 
effect on living cells. For low levels of radiation exposure, the biological 
effects are so small that they may not be detected. The body has repair 
mechanisms against damage induced by radiation as well as by chemical 
carcinogens. Consequently, biological effects of radiation on living cells 
may result in three outcomes:  
(1) Injured or damaged cells repair themselves, resulting in no residual 
damage;  
(2) Cells die, much like millions of body cells do every day, being 
replaced through normal biological processes; or 
(3) Cells incorrectly repair themselves resulting in a biophysical change 
[1]. 
1.8 Radioisotope Dating 
           Animals and plants have a known proportion of Carbon-14(a 
radioisotope of Carbon) in their tissues. When they die they stop taking 
Carbon in, then the amount of Carbon-14 goes down at a known rate 
(Carbon-14 has a half-life of 5700 years). The age of the ancient organic 




1.9 Probable Health Effects 
          As shown in table (1.1) there are Probable Health Effects resulting 
from Annual Exposure to Ionizing Radiation [5]. 
 





1,000 or more Immediate death. None. 
250-1,000 Weakness, nausea, 
vomiting of blood and 
blood discharge from the 
bowels or kidney. 
Death in about 10 days. 
150-250 Nausea and vomiting on 
the first day. Embryonic 
death if pregnant. 
Persons in poor health 
prior to exposure, or 
those who develop a 
serious infection, may 
not survive.  
 
50-150 Acute radiation sickness 
and burns are less severe 
than at the higher 
exposure dose. 
Tissue damage effects are 
less severe. 
10-50 Most persons experience 





Genetic effects and some 
risk of tumors. 
0-10 None. Premature ageing, mild 
mutations in offspring, 
some risk of excess 
tumors. 
Table (1.1) Probable Health Effects resulting from Exposure to Ionizing Radiation 
1.10 Cancer Treatment  
         Because Gamma rays can kill living cells, they are used to kill 
cancer cells without having to resort to difficult surgery. This is called 
"Radiotherapy", and works because cancer cells can't repair themselves 
when damaged by gamma rays, as healthy cells can. It's vital to get the 
dose correct - too much and you'll damage too many healthy cells, too 
little and you won't stop the cancer from spreading in time [8]. 
         Some cancers are easier to treat with radiotherapy than others - it's 
not too difficult to aim gamma rays at a breast tumour, but for lung 
cancer it's much harder to avoid damaging healthy cells. Also, lungs are 
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2.1 Radiation Effect in Soil 
            Natural radioactive material in rocks and soil account for about 28 
millirem or 8% of radiation dose a person receives in a year from all 
sources including medical exposure [9].  
           The earth’s crust contains small amount of Uranium, Thorium, and 
Radium as well as radioactive isotopes of several elements including 
Potassium. The radiation dose comes from the rocks, soil, and some 
building materials (such as bricks and concrete) [9]. 
           Exposure to natural sources of radiation has become an important 
issue in terms of radiological protection. Much of this comes from 222Rn 
and its solids, short lived daughter products, 218Po, 214Pb, and 214Bi. The 
National Radiological Protection Board, NRPB, (1992), estimates that 
Radon accounts for approximately 50 % of person’s annual dose of 
radiation from all sources in most of the world [10].   
              Radon is a naturally occurring radioactive gas that may be 
emitted from any rock that contains Uranium and Thorium. The 
radionuclides and radon concentration for a given region is likely to be 
the result of combination of properties of the rocks and the soil, such as 
distribution of Uranium and Radium, porosity, permeability, and moisture 
content, as well as meteorological and seasonal variation. Naturally 
occurring radionuclides of terrestrial origin (also called primordial 
radionuclides) as shown in Appendix (I) are present in various degrees in 
the environment, including the human body itself [10]. 
            Only those radionuclides with half-lives comparable to the age of 
the earth, and their decay products, exist in significant quantities in these 
materials. Irradiation of the human body from external sources is mainly 
by Gamma Radiation from radionuclides in the 238U and 232Th series and 
from 40K. These radionuclides are also present in the body and irradiate 
the various organs with Alpha and Beta particles, as well as Gamma 
Rays. Some other terrestrial radionuclides, including those of the 235U 
series, 87Rb, 138La, 147Sm, and 176Lu, exist in nature but at such low levels 
that their contributions to the dose in humans are small.  External 
exposures outdoors arise from terrestrial radionuclides present at trace 
levels in all soils [11]. 
              The specific levels are related to the types of rock from which 
the soils originate. Higher radiation levels are associated with igneous 
rocks, such as granite, and lower levels with sedimentary rocks. There are 
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exceptions, however, as some shales and phosphate rocks have relatively 
high content of radionuclides. There have been many surveys to 
determine the background levels of radionuclides in soils, which can in 
turn be related to the absorbed dose rates in air. The latter can easily be 
measured directly, and these results provide an even more extensive 
evaluation of the background exposure levels in different countries. All of 
these spectrometric measurements indicate that the three components 
(238U, 232Th and 40K) of the external radiation field, namely from the 
gamma-emitting radionuclides in the 238U and 232Th series and 40K, make 
approximately equal contributions to the externally incident gamma 
radiation dose to individuals in typical situations both outdoors and 
indoors [11].  
              The radionuclides in the Uranium and Thorium decay chains 
cannot be assumed to be in radioactive equilibrium. The isotopes 238U and 
234U are in approximate equilibrium, as they are separated by two much 
shorter-lived nuclides, 234Th and 234Pa. The decay process itself may, 
however, allow some dissociation of the decay radionuclide from the 
source material, facilitating subsequent environmental transfer. Thus, 
234U may be somewhat deficient relative to 238U in soils and enhanced in 
rivers and the sea [11].  
            The radionuclide 226Ra in this chain may have slightly different 
concentrations than 238U, because separation may occur between its 
parent 230Th and uranium and because radium has greater mobility in the 
environment. The decay products of 226Ra include the gaseous element 
radon, which diffuses out of the soil, reducing the exposure rate from the 
238U series. The radon radionuclide in this series, 222Rn has a half-life of 
only a few days, but it has two longer-lived decay products, 210Pb and 
210Po, which are important in dose evaluations. For the 232Th series, 
similar considerations apply. The radionuclide 228Ra has a sufficiently 
long half-life that may allow some separation from its parent [11]. 
           The gaseous element of the chain, 220Rn, has a very short half-life 
and no long-lived decay products.   
          The activity concentration of 40K in soil is an order of magnitude 
higher than that of 238U or 232Th. In its first assessment of representative 
concentrations of these radionuclides in soil, in the UNSCEAR 1982 
Report [U6], the Committee suggested the values of 370, 25, and 25 
Bq/kg for 40K, 238Uand 232Th, respectively.  
         On the basis of the higher levels reported for China and the United 
States, the Committee revised the values for both 238U and 232Th to 40 
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Bq/kg in the UNSCEAR 1993 Report [U3].  
           In gamma-ray spectroscopic analysis of collected soil samples, 
standard procedures often call to remove the soil moisture by oven 
drying. After drying and processing, the soil sample is transferred and 
sealed in a beaker or other container and sent to the gamma-ray counting 
laboratory to determine the radionuclide specific activities (Bq/kg), 
defined here as the radionuclide activity per unit mass of soil. When 
quantifying members of the natural uranium (238U) decay series, the 
emanation of 222Rn from the soil must be considered.  
            To avoid the effects of 222Rn loss, most laboratory procedures 
require storage time of 21±3 d (day) for sealed samples before gamma-
ray counting. Radon emanates naturally from soil. There are two 
mechanisms for 222Rn emanation from soil described as recoil emanation 
and diffusion emanation. From the alpha decay of 226Ra, the 222Rn 
nucleus acquires 0.086 MeV (Mega Electron Volt) in recoil energy [12]. 
            The recoil emanation consists of those 222Rn atoms which 
terminate their recoil paths in soil pores. The diffusion emanation 
accounts for those Rn atoms embedded in the soil particles which 
subsequently diffuse into soil pores. In addition to soil type, the 222Rn 
transport and diffusion coefficient depend on several soil parameters 
moisture content. The emanation of 222Rn is strongly dependent on 
temperature and moisture [13].   
 Temperature has been documented to have a smaller effect on radon 
emanation than moisture content [14]. In general, as moisture content 
increases, the radon emanation rate increases until maximum is reached 
near a soil moisture content of 25±5%.  
           Wahl and Bonner (1958) [15] mainly attribute the emanation 
decrease for a reduction in soil moisture content to an increase in the 
radon adsorption to the soil particle surfaces.   
        The activity of 226Ra in soil was found in the range of 7.22-103.8, in 
benthic algae 2.5-9.7, in coral 5.5-10 and in oyster 4.2-11.5 Bq kg -1. The 
activity of 232Th in soil was found in the range of 14.56-216, in benthic 
algae 1.3-12.6, in coral 4.4-15.6 and in oyster 3.2-8.4 Bq kg -1; and the 
activity of 40K in soil was in the range of 322-732, in benthic algae 17.1-
45.5, in coral 21-146 and in oyster 24-32 Bq kg -1. The external radiation 
dose rate due to activity of concentration of natural radionuclides in soil 
was assessed [16]. 
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2.2 Radiation Effect in Water 
2.2.1 The sources of radionuclides in water  
                Most drinking water sources have very low levels of 
radioactive contaminants (radionuclides), levels low enough not to be 
considered a public health concern. Of the radionuclides that have been 
observed to occur in drinking water sources, most are naturally occurring. 
However, contamination of drinking water sources by anthropogenic 
(human-made) nuclear materials also occurs. Naturally occurring 
radionuclides are found in the Earth's crust and are created in the upper 
atmosphere. For example, trace amounts of long-lived isotopes (e.g., 
uranium-238, which has a half-life of almost five billion years) have been 
present in earth's crust since the crust first formed. As these long-lived 
trace radionuclides decay, shorter-lived (more radioactive) daughter 
products are formed. Of particular concern are naturally occurring 
uranium and the naturally occurring radium isotopes, radium-226 and 
radium-228, which have been observed to accumulate to levels of 
concern in drinking water sources. Most of the naturally occurring 
radionuclides are alpha particle emitters (e.g., the uranium isotopes and 
radium-226), but naturally occurring beta particle emitters do occur (e.g., 
radium-228 and potassium-40) [16]. 
             Certain rock types contain trace amounts of the radioactive 
isotopes of uranium, thorium, and/or actinium. As these parent rocks 
weather, the resulting clays and other aquifer-forming materials may 
become a source of naturally-occurring radionuclides to drinking water 
sources. Other naturally occurring radionuclides include tritium, a beta 
particle emitter, which forms in the upper atmosphere through 
interactions between cosmic rays (nuclear particles coming from outer 
space) and the gases comprising the atmosphere. Tritium can be 
deposited from the atmosphere onto surface waters via rain or snow and 
can accumulate in ground water via seepage. Tritium is also formed from 
human activities, as described below.  
          Natural tritium tends not to occur at levels of concern, but 
contamination from human activities can result in relatively high levels. 
The man-made radionuclides, which are primarily beta and photon 
emitters, are produced by any of number activities that involve the use of 
concentrated radioactive materials. These radioactive materials are used 
in various ways in the production of electricity, nuclear weapons, nuclear 
medicines used in therapy and diagnosis, and various commercial 
products (such as televisions or smoke detectors), as well as in various 
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academic and government research activities. Release of man-made 
radionuclides to the environment, which may include drinking water 
sources, are primarily the result of improper waste storage, leaks or 
transportation accidents [16]. 
2.2.2 Uranium, Radium, Radon and progeny in natural 
water  
           The source of naturally occurring radionuclides is the earth’s crust. 
Among these radionuclides there exists three principal decay series 
originating from 238U, 235U and 232Th. Being one of the most abundant 
sources of naturally occurring radioactivity, the 238U series has been 
widely investigated. A schematic diagram of the uranium-238 decay 
series is given in appendix III, showing the members of this series, their 
half-lives and their decay modes. The levels of uranium in igneous rocks 
are typically in the range 0.01-10 PPM (Pulse per Minute) and often 
increase with Si content, and can in extreme cases exceed thousands of 
PPM [17]. 
           U-series nuclides are expected to be in secular equilibrium (i.e. 
having the same activity concentrations) in closed bedrock systems. 
Groundwater systems significant disequilibrium is observed, which 
indicates that in open systems, rock interactions induce significant 
elemental and isotopic fractionations [18]. 
            High natural levels of alpha and Radon in Natural Waters 
radioactivity in groundwater are often associated with areas of granite 
bedrock [19]. 
            Although the physical and chemical properties of these elements 
are well known, it is difficult to predict the behavior and mobilization in 
more complex natural system.  The transfer or disposition of an atom 
created in this series into groundwater systems depends on many factors 
involving the physical and chemical properties of the element. In addition 
to that groundwater systems vary from region to region. 
            In general the rock porosity and permeability control the behavior 
of groundwater. For example igneous rocks, such as granite, have high 
permeability, resulting from fractures in the rocks that permit faster flow 
relative to, for example shale. The general properties of uranium, 
thorium, and polonium are metallic while radium is an alkaline earth and 
radon is a gaseous element. Soluble uranium complexes, e.g. uranyl, are 
readily produced in oxidizing environments, whereas in reducing 
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groundwater environments uranium, and especially the uranyl ion, is 
readily precipitated or adsorbed on organic compounds [20].  
Release of radium from rock to water is mainly due to alpha recoil [21].  
          Radium dissolves readily in waters of low pH (e.g. newly formed 
groundwater) and its concentration is often related to concentrations of 
total dissolved solids, barium and sulphate. Radon concentration in 
groundwater is mainly controlled by the lithology [22] of the aquifer. 
Radon enters the water phase to form a metastable clathrate-hydrate with 
water, (Rn.6H2O) Clathrates are chemical compounds consisting of lattice 
molecules and inclusions of smaller molecules within the crystal lattice, 
that traps molecules in its crystal structure without chemical bonding 
[23].  
        As 222Rn is the direct daughter of 226Ra, a high level of 226Ra in 
bedrock is expected to generate high levels of 222Rn in water, which then 
migrates away from the source. Groundwater can carry 222Rn over large 
distances depending on flow rate, e.g. at flow rates between 0.5-1.0 meter 
per day Rn could be transported about 20-40 m before it is completely 
decayed. High concentrations of 222Rn could lead to detectable levels of 
both 210Pb and 210Po. In aquifers that have elevated 210Po concentrations, 
normally 222Rn levels are also elevated. However, due to absorption/ 
desorption processes, both the 210Pb and 210Po levels show large 
variations [23].  
         In groundwater, as mentioned earlier in this chapter, uranium is not 
usually in equilibrium with its progeny. The reasons for this behavior are 
mainly due to the differences in the mobilization in groundwater and 
physical-chemical processes such as physical half-lives of these nuclides, 
their transport between rock and water systems and their water chemistry 
(e.g. absorption/desorption processes; ion exchange capacities) Therefore, 
in order to draw a complete picture about groundwater radioactivity that 
comes from uranium, it is necessary to investigate each nuclide involved 
[23]. 
2.2.3 Radon in Seawater 
              There are several processes and sources contributing to 222Rn in 
seawater; e.g. surface interactions in the water/atmosphere interface, 
inflow from freshwater bodies, diffusion from seabed sediments, in situ 
production from 226Ra in water seepage from groundwater discharges and 
hydrothermal vents. In seawater the levels of 222Rn (and 226Ra) are 
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generally low compared to levels in groundwater. Typical values of 226Ra 
in the southern Baltic Sea are 1.7–2.2 mBqL-1 [24]; in the Bay of Bengal 
5.4-29 mBqL-1 with 222Rn levels of 1.3-1.7 mBqL-1 [25]; in the Black 
Sea 222Rn and 226Ra range 22-48 mBqL-1 and 11-56 mBqL-1 respectively 
[26] and in the Dead Sea the range of 222Rn is 4.3-6.3 mBqL-1 [27].  
         The previous results for at sea and laboratory experiments. Field 
experiments were conducted in Northern San Francisco Bay where 
surface waters show large salinity (0–30%) and suspended material (1–
200 mg/L) gradients. Extreme salinity and turbidity variation can degrade 
sampling efficiency and have deleterious effects on the efficiency of 
chemical and physical isolation methods. These tests determined isolation 
efficiency of the sampler in fresh high turbidity system was evaluated 
using measurement of fallout radiocesium, 137Cs, which is present at very 
low levels (54 mBq/L) in North Pacific coastal waters (Livingston 
Laboratory experiments were  conducted using natural waters that were 
spiked with a broad suite of NIST traceable standard reference solutions 
containing Gamma emitting radioisotopes [27].  
           The spiked water samples were processed through the sampler 
system, and radioisotopes in the solid and dissolved phases were analyzed 
non-destructively by high-resolution gamma-ray spectrometry without 
recourse to chemical extraction using mineral acids and organic solvents. 
Radioisotope abundance in the different samples provides additional 
information on partitioning in the environment, as well as the efficiency, 
or effective recovery of isotopes in waters processed through the sampler. 
The objectives of these experiments were to quantify extraction 
efficiency for a suite of radioisotopes, and to assess the performance of 
the large-volume, high-speed pre-concentration technique under actual 
water sampling condition [27]. 
2.3 Radiation Effect in Air  
            Small amount of radon, a radioactive gas which comes from 
radioactive decay of uranium, seeps into the atmosphere from the soil. On 
average, inhalation of the radon in homes and other buildings accounts 
for 200 millirem per year. This about 55% of total radiation dose an 
individual receives in a year from all sources, including medical x-rays, 
cosmic rays, building materials, the earth’s crust, and ingested 
radioactivity materials [27].  
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2.4 Radiation Effect in Food 
             Every food has some small amount of radioactivity in it. The 
common radionuclides in food are potassium-40 (40K), radium-226 
(226Ra) and uranium-238 (238U) and the associated progeny. Here is a 
table of some of the common foods and their levels of 40K and 226Ra [28]. 
Food 40K ( pCi / kg ) 226Ra ( pCi / kg ) 
Banana 3,520 1 
Brazil Nuts 5,600 1,000-7,000 
Carrot 3,400 0.6-2 
White Potatoes 3,400 1-2.5 
Red Meat 3,000 0.5 
Lima Bean raw 4,640 2-5 
Drinking water ---- 0-0.17 
Table (2.1): Natural Radioactivity in Food 
2.5 Natural Radioactivity in Building Materials  
          Building materials have some radioactivity in them. Listed below 
are a few of common building materials and their estimated levels of 
uranium, thorium and potassium [28].  







Granite 4.7 63 (1.7) 2 8 (0.22) 4.0 1184 (32) 
Sandstone 0.45 6 (0.2) 1.7 7 (0.19) 1.4 414 (11.2) 
Cement 3.4 46 (1.2) 5.1 21 (0.57) 0.8 737 (6.4) 
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2.3 31 (0.8) 2.1 8.5 (0.23) 0.3 89 (2.4) 
Sandstone 
concrete 
0.8 11 (0.3) 2.1 8.5 (2.3) 1.3 385 (10.4) 
Dry 
wallboard 
1.0 14 (0.4) 3 12 (0.32) 0.3 89 (2.4) 
By-product 
gypsum 
13.7 186 (5.0) 16.1 66 (1.78) 0.02 5.9 (0.2) 
Natural 
gypsum 
1.1 15 (0.4) 1.8 7.4 (0.2) 0.5 148 (4) 
Wood - - - - 11.3 3330 (90) 
Clay brick 8.2 111 (3) 10.8 44 (1.2) 2.3 666 (18) 
Table (2.2): Estimates of concentrations of Uranium, Thorium and Potassium in Building 
Materials (NCRP 94, 1987, except where noted) 
2.6 High Background Radiation Areas 
              Background radiation levels are from a combination of terrestrial 
(from the 40K, 232Th, 226Ra, etc.) and cosmic radiation (photons, muons, 
etc.). The level is fairly constant over the world, being 8-15 µrad/hr. 
              Around the world though, there are some areas with sizable 
populations that have high background radiation levels. The highest are 
found primarily in Brazil, India and China. The higher radiation levels are 
due to high concentrations of radioactive minerals in soil. One such 
mineral, Monazite, is a highly insoluble rare earth mineral that occurs in 
beach sand together with the mineral limonite, which gives the sands a 
characteristic color. The principal radionuclides in monazite are from the 
232Th series, but there is also some uranium its progeny, 226Ra [16].  
          In Brazil, the monazite sand deposits are found along certain 
beaches. The external radiation levels on these black sands range up to 5 
mrad/hr (50 µGy/hr) or (50 Micro Gray per Hour), which is almost 400 
times normal background in the US. 
           The dose from external radiation is, on average, similar to the 
doses reported in Brazil, 500-600 mrad/yr (5 - 6 mGy/yr), but individual 
doses up to 3260 mrad/yr (32.6 mGy/yr) have been reported.  
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            An area in China, has does rates that is about 300-400 mrad/yr (3-
4 mGy/yr). This is also from monazite that contains thorium, uranium and 
radium [16]. 
             In areas of high natural background radiation, an increased 
frequency of chromosome aberrations has been noted repeatedly. The 
increases are consistent with those seen in radiation workers and in 
persons exposed at high dose levels, although the magnitudes of the 
increases are somewhat higher than predicted. No increase in the 
frequency of cancer documented in populations residing in areas of high 
natural background radiation. 
2.7 Objectives 
       We believe the several environmental problems currently affect the 
Gaza Strip. These problems have not received serious investigation. 
Practically, exposure to radiation materials may be represented one of 
these environmental problems. A previous study of radon concentration 
in soil at north Gaza Strip was conducted by N. M.  Hamed (2005) [29]. 
          The concluded results shown the average radon concentration was 
207.24 Bq/m3 with average standard deviation of 34.90 Bq/m3. Therefore 
we have proposed to investigate the radon concentration, gross alpha, 
gross beta and radionuclides in different area in soil of Gaza. The main 
interest of the present work is to investigate this effect of radiation in 
general form and how to measure its concentrations. 
2.8 Scope  
            This research program aims to study a preliminary survey of 
radiation   in soil at the middle of Gaza Strip. This study will enable us to 
identify the environmental problems concerning radiation hazards. Solid 
State Nuclear Track Detector (SSNTDs), Gamma Counter, Scintillation 
Counter, Geiger Counter and Portable Electra Plus Ratemeter will be 
used in this survey. These devices were measured the concentrations to 
the collected soil samples from Deir El Balah(D), Mughazi(M), Bureij(B) 
and Nusairat(N). After that, the collected soil samples sent to Gamma 
Spectrometer, Geiger Counter, Portable Electra Plus Ratemeter, 
Scintillation Counter to determine the radionuclide specific activities in 
unit of (Bq/m3) or (pCi/l) or (pCi/g) or (CPM). In additional, the study 
aims to measure continuously the radioactive material and gross alpha 
contamination in soil and to understand the nature of soil of Gaza Strip. 
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2.9 Area of Study (Gaza Strip):    
                As shown in figure (2.1) Gaza Strip is a narrow piece of land 
lying on the coast of the Mediterranean sea at roughly 310 N Latitude and 
340 E longitude, about 32 km north of the Egyptian border [30].  
 
                                               Figure (2.1) Map of Gaza Strip 
        The coast has sand dunes of about 20 to 40 m in height above sea 
level. Gaza Strip is very crowded place with area, 360 km2 as shown in 
the map, it's whether is mild in winters dry and warm to hot in summers. 
The population size is estimated at 1,196,591 which is about 36.3 % of 
the total population in Palestine in 2001; the population is mainly 
distributed in the cities, small villages, and eight refugee's camps that 
contain two thirds of the population [30].  Several environmental 
problems currently affect the Gaza Strip.  
          The possibility of cancer induction due to radiation has been 
attracting increasing attention in the scientific community during the past 
decade. It is now widely recognized that indoor radon is one of the largest 
sources of exposure of ionizing radiation in the environment. Sand dunes 
along the coast of the Gaza Strip may well contain elevated 
concentrations of some of the radioactive minerals, like uranium and 
thorium, which are derived from the granite sources rocks present in the 
area [35]. These sands and other surface materials may contain some 
radioactive substances, which produce elevated levels of radon progeny 
[35]. The main interest of the present work is to investigate this effect of 














3.1 Sampling Technique 
            Subsurface soil samples were collected from 40 places, believed 
to be undisturbed, in middle region of Gaza Strip. The samples collected 
from ten places of Deir El Balah (D), ten places of Mughazi (M), ten 
places of Bureij (B) and ten places of Nusairat (N).Each sample was 
collected by employing a template method from a depth of one meter 
from the earth surface and the sample weight equal one kilogram. The 
stones and roots was removed from the samples, after that, each sample 
was put in plastic bag to take it for counting laboratory to determine the 
radionuclide specific activities. 
3.2 Passive Devices 
          The passive method has several advantages over the active method. 
The passive technique is now widely used by scientists and researchers 
on large scale. This technique has also attained the status of commercial 
use throughout the world. In the case of direct measurement of the 
radiation, the detection sensor is usually placed inside a container 
(dosimeter) that has an opening to let radon enter in it. The various 
detectors that can be used for radon concentration measurement are: 
3.2.1 Solid State Nuclear Track Detectors (SSNTDs) 
             SSNTDs are passive, low cost, long term method, most widely 
used for measuring radon and can be used for site assessment both indoor 
and outdoors. SSNTDs are sensitive to alpha particles in the energy range 
of the particle emitted by Radon. SSNTDs are largely insensitive to beta 
and gamma rays, In other word, beta an gamma rays do not produce 
etchable individual tracks. SSNTDs also have the advantage to be mostly 
unaffected by humidity, low temperatures, moderate heating and light. 
They of course do not require an energy source to be operated since their 
detecting property is an intrinsic quality of the material they are made of 
[31]. 
There are two types of commercially available SSNTDs are: 
a) Allyl- Diglycol- Carbonate (C12H18O7) known as CR-39. 
b) Cellulose Nitrate (C6H8O8N2) known as CN-85. 
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            The detectors placed inside the dosimeters. Detectors are usually 
exposed for 2 to 12 months. When alpha particles from the decay of 
radon and its progeny strike the detector, they cause damage tracks. At 
the end of exposure, the detector is chemically treated and the number of 
tracks over area counted by a microscope and radon concentration or 
gross alpha contamination is determined [32]. 
3.2.2 Track Formation  
         When a charged nuclear particle enters the plastic it creates a trail of 
radiation damage along its path, known as a latent track, shown 
schematically in figure (3.1). 
 
Public exposure to radon and its radioactive daughters present in the 
environment results in the largest contribution to the average effective 
dose received by human beings [33]. 
3.3 Measurement of gross alpha contamination Technique 
by using Solid State Nuclear Track Detector (SSNTDs) 
     The soil samples are placed in a plastic cup with plastic cover, the 
diameter of the cover equal 6 cm and the height of the cup is 11cm as 
shown in figure (3.2), the CR-39 detector is fixed inside the cover facing 







                                                            
Figure (3.2): Measurement Technique for CR-39 
3.4 Method for measuring gross alpha contamination by 
SSNTDs 
            Solid State Nuclear Track Detector (CR-39) is used to measure 
Radon-222 or gross alpha contamination in soil air at the collected 
sample. Each sample was divided to two parts, each part was put inside 
the cup as shown in figure (3.2). Eighty (80) detectors were exposed to 
forty (40) samples which concern the middle region of Gaza Strip this 
distribution of the detectors is based on the nature of the soil type and 
geological location, see Appendix (II). The detectors are left about 60 
days during the months October, November and December of 2004, this 
is the exposure time to allow radon gas to come to an equilibrium level.                                       
After the exposure time was finished, the eighty detectors were collected 
and chemically etched using a 6 M (Mole) solution of NaOH, at a 
temperature of 700 C, for 5 hours, (Standard etching condition). The CR-
39 detectors were mounted vertically in a stainless steel spring and then 
immersed in the etching solution inside a water bath. At the end of the 
etching process, the detectors were washed thoroughly with distilled 
water and then left to dry.  
             Each detector was counted visually using an optical microscope 





3.5 Determination of gross alpha contamination and 
Calibration Technique 
          Gross alpha contamination in surrounding air is measured in terms 
of Bq/m3, since the most regulatory references levels are specified in this 
unit. 
Determination of gross alpha contamination and the standard deviation 
























DSσ                                                          ……..… (3.2) 
 where, CR: The total exposure of 226Ra (Radon Source) in term Bq/m3. 
ρ R : Track density(number of track/cm2) of detectors exposed to 226Ra. 
TR: Exposure time (days) of detectors exposed to 226Ra. 
ρ S: Track density (number of track/cm2)of distributed detectors. 
Ts: Exposure time (days) of detectors. 
σn (S. D.): Standard Deviation. 
          Simply, a number of detectors were exposed to a known dose of 
226Ra (radon source) for a period of time. Then theses detectors were 
collected and treated by chemically etching. The average numbers of 
tracks/cm2 were observed. These detectors were considered as a 
calibration standard [34, 35]. Similar method is also used for detector 
technique to determine the calibration constant (factor). This is derived 
by dividing the track density by the total exposure of radon source. Then 
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             To determine the calibration factor (K) we have prepared five (5) 
detectors and exposed then for fourteen (14) days of 226Ra (Radon 
Source) of activity concentration 800 Bq/m3. The calibration process for 
detectors used in this survey was carried out at the nuclear laboratory at 
physics department in The Islamic University of Gaza (IUG). Since, 
average K was computed from the measurements then,   
( )3 2...36.23 mTrack cmDayBqK =   where K is called the calibration factor and 
standard deviation error was 10.5%.the overall uncertainty calibration 
was estimated to be ±10% [36].                







ρ36.23)( 3 = det                                                      …………..(3.5)                                        
This equation was used to determine the gross alpha contamination at the 
present work.  
3.6 Method for Measuring Alpha and Beta Activity in Soil 
by Using Electra Plus 
       The Electra Plus is a portable ratemeter for use with a variety of GM 
and scintillation probes for measurement of radioactive contamination 
and radiation dose rate in soil. The unit consists of three circuit boards:              
1- An HV/amplifier board.                                                                          
2- Processor and interface board.                                                                       
3- Data-logging extension board.  
          Housed in a painted rectangular section aluminum extrusion, As 
shown in figure (3.4) The DP6AD non-intelligent scintillation probes is a 
hand held detector for monitoring of alpha and beta contamination 
separately or simultaneously. The sample was filled in rectangular box 
made of wood and was opened from the upper face as shown in figure 
(3.3).  
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The scintillation probes was put on the surface of soil sample, the 
radiation window area equal 
100 cm2, the measurement 
were obtained from this 
device for the activity of alpha 





                                                                                                                                
Figure (3.3): Rectangular Box for Using Electra Plus                      Figure (3.4): Electra Plus                    
3.7 Ionization Chamber, proportional counters, Geiger-
Müller counters and Measurements 
      All detecting methods are based on the interaction of the radiation 
with matter. Since ionization is an important process for radioactivity, 
most detectors exploit the signals generated due to ions and electrons.  
Ionization Chamber consists of a detector chamber, a voltage supplier 
(battery), an ampere meter, and a load resister.  
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Fig (3.5): The pulse heights produced by different gas-filled counters as a function of the applied 
voltage, for two radiations differing in energy by a factor of 2. In the Geiger-Muller region, all 
radiations give the same output pulse height; in the other regions, the output pulse height is 
proportional to the energy deposited by the radiation through primary ionization. 
       Ionizing radiation enters the detectors chambers and ionizes the 
mixture of gas in it. The electrons drift towards the positive electrode and 
ions move towards the negative electrode.  
      The number of ions pairs is proportional to the number of ionizing 
particles entering the detector chamber. Thus, the current is proportional 
to the intensity of ionizing radiation [37, 38].  
       In proportional counters, the high voltage applied to the electrodes 
created a strong electric field, which accelerates electrons. The electrons, 
after having acquired the energy, ionize other molecules.  
       Production of secondary ion pairs initiates an avalanche of ionization 
by every primary electron generated by radiation. Such a process is called 
gas multiplication. 
The gas multiplication makes the detection much more sensitive. 
Yet, the current is still proportional to the number of primary ion pairs. 
     As shown in figure (3.5) when voltages applied to proportional 
counters get still higher, sparks jump (arcs) between the tow electrodes 
along the tracks of ionizing particles. these detectors are called spark 
chambers, which give internal amplification factors up to 1,00,000 times 
while still giving an initial signal proportional to the number of primary 
ion pairs [37,38]. 
        A Geiger counter senses ionizing radiation by means of a GM 
(Geiger Mueller) tube. Some tubes have a thin mica window. When a ray 
or particle of ionizing radiation enters or passes through the tube, it is 
sensed electronically and displayed on the meter or LCD and by a red 
count light. When the switch is in the AUDIO position, the instrument 
will also beep with each radiation event [39]. 
       Geiger-Müller counter are the most widely used radioactivity 
detectors. Which are essentially a spark counter operating at still higher 
voltage. The voltages depend on the mixture of gases in the detector 
chamber. At a high voltage, a single primary ion pair causes a spark to 
jump between the electrodes. 
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       Every spark gives a pulse registered either across the tow electrodes 
of the chamber or across the resister. Electronics means count the number 
of pulses. The counter can also be made to give an audible signal for each 
pulse. The intensity of the pulse is related to the number of primary ion 
pairs, but we are often more interested in the number of ionizing particles 
entering the chamber [37, 38]. 
         The cup in figure (3.2) was used to measure the activity in soil by 
using Geiger Counter. The probe of the device was put over the surface of 
the soil. The distance between the probe and the soil sample in the cup 
equal 2 cm. The measurements were obtained from this device for the 
activity in soil samples. 
3.8 Gamma Spectrometer (Wallac 1470 WIZARD) and 
Measuring Techniques 
         This detector is of the end-well type with a 50 mm × 32 mm 
thallium activated Sodium Iodide crystal. The detector assembly is 
surrounded by a minimum of 12 mm of lead shielding against radiation in 
the vertical plane. The shielding against radiation from sample on the 
conveyor is 30 mm. the shielding between detectors is 7 mm. Although 
normal clean laboratory conditions are usually quite satisfactory as an 
operational environment, it is useful to take the following points into 
consideration. If possible, a separate room should be provided for Wallac 
1470 WIZARD as this allows the best control over the immediate 
environment. Ventilation in the room should be reasonably constant at 
about 220C, relative humidity should not be excessive and direct sunlight 
should not be able to reach the instrument. It is also important that the 
various isotopes are stored well away from the instrument in another 
room. Only those radioactive samples that are actually measured should 
be in the laboratory at any time in order to keep the background at low 
level [40]. 
        In Gamma Spectroscopic analysis of collected soil samples, standard 
procedures often call to remove the soil moisture by oven drying. After 
drying and processing, forty samples were transferred and sealed in a test 
tubes and each of sample weight in it equal 7 gm, sent to gamma counter 
(WALLAC 1470 WIZARD) to determine the radionuclide specific 
activities (pCi/gm), defined here as the radionuclide activity per unit mass 
of soil. 
3.9 Scintillation Counter and Measuring Techniques  
 34
        The scintillation counter is a very common tool in nuclear and 
particle physics. It is used for measuring the energies of gamma-ray 
photons and other elementary particles [41]. 
        The heart of the scintillation counter is a crystal of NaI (Tl). Sodium 
Iodide (NaI) which has been doped with a small amount of thallium (Tl). 
When a gamma-ray photon enters the NaI (Tl) crystal, it may interact 
with the crystal, which produces a flash of blue light. The intensity of the 
light is proportional to the amount of energy deposited in the crystal by 
the gamma-ray photon. 
       This light is detected by a photomultiplier tube (PMT), which 
produces an electrical pulse whose pulse height, measured in volts, is 
proportional to the intensity of the light. An amplifier (the Tc-241 unit in 
our setup) increases their height by multiplying them by a factor called 
the gain. 
        After amplification, the pulses enter a single channel analyzer (Tc-
241 unit) which selects pulses whose heights fall within a specified range, 
and blocks all the rest [41].  
         The cup in figure (3.2) was used to taking a spectrum which 
resulted from the soil by using scintillation counter the probe of the 
device was put on the surface of soil. The distances between the probe 
and the soil sample in the cup equal 1 cm. The measurements were 
obtained from the scintillation counter confirms there are low level 
radiation in the soil in middle of Gaza Strip. 
           The basic technique for this lab is to count the number of pulses 
during a fixed time interval, as a function of pulse height, and make a 











Results and Discussion 
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4.1 Results from CR-39 detectors  
        A cup and cover containing CR-39 Solid State Nuclear Track 
Detector (SSNTDs) were used in this survey. These detectors were 
regularly distributed in soil samples to different locations at middle of 
Gaza Strip (Deir El Balah (D), Mughazi (M), Bureij (B) and Nusairat 
(N)). Gross alpha contamination in soil samples described at many factors 
like (porosity, flow velocity, moisture, ..., etc). There is a relation 
between gross alpha contamination and various type of soil samples, we 
discussed that in the present work. 
       There are considerable differences between the individual gross 
alpha contamination values of each location. 
4.1.1 Distribution of measured soil gross alpha 
contamination levels in middle of Gaza Strip 
       Table (4.1) shows the detectors collected samples and gross alpha 
contamination in soil air. C is the average contamination and S. D. is the 
Standard Deviation ( 1 pCi /L =37 Bq/m3).  










1 D 20 3.17 23.47 8.87 5.93 
2 M 20 3.59 7.11 5.54 1.06 
3 B 20 3.35 8.92 5.96 1.72 
4 N 20 2.8 9.02 5.09 2.23 
Average 80  3.22 12.13 6.36 2.735 
     Table (4.1) Results from CR-39   
      Table (4.1) shows the number of detector collected from the 
considered locations, the minimum and the maximum gross alpha 
contamination in soil sample air of each location measured in Bq/m3, also 
the average gross alpha contamination (C) and Standard Deviation (S. D.) 
for each location in this study. The gross alpha contamination and 
standard deviation for each detector was calculated by equation (3.1) and 
equation (3.2) respectively. However, the gross alpha contamination for 
each location was calculated by summing individual gross alpha 
contamination values to each detector, and the products of the values also 
divided by the total number of detectors. The standard deviation was also 
calculated by equation (3.2). 
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4.1.2 Measured gross alpha level in soil in four locations 
       Figure (4.1) shows the average gross alpha contamination of B and D 
locations were higher than M and N locations. 
       There is study to the researcher Mahmoud Rsas [35] showed similar 
results about the radon concentration levels, Deir El Balah region and 
Bureij are greater than the values in Mughazi and Nusairat. 
       Also, the result indicates that the difference between the minimum 
and maximum gross alpha contamination in each location is very high. 
This large variation in gross alpha contamination inside the location is 
due mainly to the difference type of soil, porosity, permeability and 
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Figure (4.1): Gross Alpha Contamination in Each Location and S. D. 
        Figure (4.1) shows the percentage frequency of distribution of the 
average gross alpha contamination (C), max, min, S. D., in soil samples at 
four locations of the surveyed area. The contamination in Deir El Balah 
(D), Mughazi (M),Bureij (B) and Nusairat (N) locations are relatively low 
the change of the gross alpha contamination at the four measuring 
locations are due to the difference type of soil and moisture contain .                                                                                  
from figure (4.1) we can see that in Bureij (B) has the smallest value of 
the minimum value 2.8 Bq/m3 and in Deir El Balah (D) has the largest of 
the maximum value 23.47 Bq/m3, this is an evidence that the S. D. error 
is the largest in this study, which implies that the distribution of gross 
alpha contamination is relatively different from other locations.                                                                                   
This is attributed to the different sand percentages and soil moisture 
contain from sample to sample in that locations, plays an important role 
of radon emanation throughout soils grains.The chance of emanation 
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from rocks or soil are greater than the more porous the material is, which 
allows a greater diffusion of the radon gas [31]. 
4.2 Results from Electra Plus  
       The results obtained from Electra Plus showed the relation between 
the activity in soil sample in unit of (CPM) and each region. 
       Figure (4.2) showed the relation between alpha activity and each 
region, we see that, alpha activity in Mughazi region is greater than other 





















Figure (4.2): Alpha Activity in Middle Regions (Electra Plus)  
      Figure (4.3) showed the relation between beta activity and each 
























Figure (4.3): Beta Activity in Middle Regions (Electra Plus) 
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       Mughazi region is less than other regions but in general form the 
results obtained from Electra Plus showed the radiation level in these 
regions is very low with respect to other region in the world such as 
Brazil and India. 
4.3 Results from Geiger counter  
     The results obtained from Geiger counter showed the relation between 
the activity in soil in unit of (CPM) and each sample to each region. 
     Figure (4.4), figure (4.5), figure (4.6) and figure (4.7) showed there are 
low levels radiation in soil samples in the studied area. The activities in 
these samples are very small because it is far away rocks which contain 













































































Figure (4.7): The Activity in Nusairat Region (Geiger Counter) 
4.4 Results from Gamma Spectrometer  
      Figure (4.8) in the next page showed the concentration in unit of 
(pCi/gm) to Iodine-125 in each region. 
      In Mughazi region, the concentration to Iodine-125 (1.47pCi/gm) is 
greater than other regions, but in general form the activity is very low. 
      In Deir El Balah region the concentration to Iodine-125 (0.14 pCi/gm) 
is less than other regions because there are difference in the distribution 
of rocks and radioactive material. 
      Figure (4.9) in the next page showed the concentration in unit of 
(pCi/gm) to Cobalt-57 isotope in each region. 
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     In Nusairat region the concentration to Cobalt-57 (0.26pCi/gm) is 
greater than other regions because the soil contains different distribution 
of radioactive materials. 
     In Deir El Balah region the concentration to Cobalt-57 (0.08 pCi/gm) 
is less than other regions because the factories which used cobalt-57 in its 


























































Figure (4.9): Average Concentration for Cobalt-57 Isotope 
      Figure (4.10) and Figure (4.11)  in the next page showed the average 
concentration in unit of (pCi/gm) to Chromium-51 and Cesium-137 in 
each region. 
      In Bureij region, the average concentration to Chromium-51 and 
Cesium-137 (0.78, 0.68) pCi/gm respectively, greater than other regions 
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because Bureij region is closed to different types of waste such as 
































































Figure (4.11): Average Concentration for Cesium-137 Isotope 
      But in Deir El Balah region, the concentration to Chromium-51 and 
Cesium-137 (0.01, 0.28) pCi/gm respectively, less than other regions 
because Deir El Balah region is far away industrial waste. 
      Figure (4.12) showed the concentration in unit of (pCi /gm) to iodine-
129 isotope in each region. 
      In Deir El Balah region, the concentration to iodine-129 ( 0.59 
pCi/gm) is greater than other regions because ioidine-129 used in 
medicine and in Deir El Balah region there are place contain medicine 
waste from 40 years ago. Some of samples taken from place closed to the 
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waste place so that the activity in Deir El Balah which concern Iodine-





























Figure (4.12): Average Concentration for Iodine-129 Isotope 
        In Nusairat region the concentration to Iodine-129 (0.14 pCi/gm) is 
less than other regions because Nusairat region far away the waste places.  
4.5 Results from Scintillation Counter  
       The results obtained from scintillation counter showed that there is 
low level radiation in studied area. 
        Figure (4.13), figure (4.14) figure (4.15) and figure (4.16) are 
spectra's were obtained from one sample in each region. 
 
Figure (4.13): Spectrum to Soil Number-39 in Nusairat region 
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Figure (4.14): Spectrum to Soil Number-25 in Bureij region 
 
Figure (4.15): Spectrum to Soil Number-6 in Deir El Balah region 
 
Figure (4.16): Spectrum to Soil Number-16 in Mughazi region 
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Figure (4.17): Spectrum for Cobalt-60 Source, Activity 74KBq 
 
Figure (4.18): Spectrum for Sodium-22 Source, Activity 74KBq 
         Spectrum from 60Co and 22Na source as shown in figure (4.17) and 
figure (4.18) were taken for calibration, comparison between these 
spectra and the soil spectra showed no peaks appear in the soil spectra 
which indicates that the soil does not contain radiation or very low 
content, except for a peak of Iodine which appear in region 6 of Deir El 
Balah and confirms the results of the other wizard spectrometer. 
4.6 Results from Chemical Analysis  
        One sample of Deir El Balah region was treated with chemical way 
to determine the weight of the total potassium in the soil sample and other 
nuclides, the selected sample was analyzed at Rural and Environmental 
Center Islamic University-Gaza to obtain the weight of isotopes. 
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Total K 200 6.9×10-3 
40K 200 6.9×10-5 
Total Na 200 0.75 
Total Li 200 3×10-4 
6Li 200 2.16×10-5 
7Li 200 2.75×10-4 
Total Co 200 - 
Total Pb 200 - 
Table (4.2) 
          Potassium is the primary source of internal radiation exposure, 
potassium is an essential mineral for life, the Potassium (40K isotope 0.01 
percent of all Potassium) is natural radioactive, it enters the human body 
through the food chain [42].  
          The Lithium-6 isotope is 7.5 percent of all Lithium, but the 
Lithium-7 isotope 92.5 percent of all Lithium [43, 44]. 
4.7 Conclusions  
        In this study we measured radiation in soil in middle of Gaza using 
different technique and different devices. The regions of study were 
divided into four regions Deir El Balah, Mughazi, Bureij and Nusairat. 
Results obtained have shown a variation in the values of contamination of 
alpha particles by using CR-39 techniques, this variation of radiation is 
due to the type of soil, porosity and radium concentration. 
       The present study indicates that the nature soil of Gaza Strip has a 
very low level radiation, this subject due to the small contents of 
radioactive materials in the soil. 
      The concentration of 129I, 125I, 57Co, 51Cr and 137Cs in the middle of 
Gaza Strip soils were 0.14-0.59, 0.14-1.43, 0.08-0.26, 0.01-0.78 and 0.28-
0.68 pCi/gm dry, respectively. 
       The lowest concentration of 129I (0.14 pCi/gm) was observed in 
Nusairat and the highest (0.59 pCi/gm) was seen in Deir El Balah. 
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Similarly, the lowest concentration of 125I (0.14 pCi/gm) was observed in 
Deir El Balah and highest (1.43 pCi/gm) was seen in Nusairat. 
Significantly higher level of 129I (2.45 pCi/gm) activity was found in the 
sample number-6 in Deir El Balah region. 
       One sample of Deir El Balah region was treat with chemical way, the 
results showed, there is 40K and 7Li but Cobalt not found in this sample.   
4.8 Recommendations  
       The present work suggest that more investigation about the 
radioisotopes in different places in middle region of Gaza Strip are 
required, and to map the gross alpha contamination in soil at Gaza Strip. 
       It is important to starting with making epidemiological studies of the 
general population to determine lung cancer incidence due to high level 
of radiation, although there is hope for future. This would give a good 
motivation to remedial the area of radiation contamination and to protect 
people of radiation risks. 
       Using the different technique for the measurement of radiation that 
used in the present work motivate us to improve it in the future by getting 
more equipments like liquid scintillation, hyper germanium detector more 
accurate devices which measure low activity with high resolution which 
could show the low radiation peaks for different radio-nuclides 238U, 
226Ra, 40K and others.  
       With respect to gamma spectrometer, we must develop it and define 
all the radionuclide into the device; this device investigates the activity of 
the radionuclides in the sample. 
        Electra plus portable rate meter may be developed to measure the 
alpha and beta activity with more accurate. Geiger counter may be 
developed to measure the activity with more than probe and a good probe 







Absorbed Dose: The energy imparted to a unit mass of matter by 
ionizing radiation. The unit of absorbed dose is the rad or gray. One rad 
equals 100 ergs per gram and one gray is one Joule/Kg.  
Activity: The number of nuclear transitions occurring in a given quantity 
of radioactive material per unit of time. For example one 
disintegration/second is a becquerel (Bq), which has replaced curie (Ci) 
as the standard unit of activity. 
Acute: Exposure, diseases, or responses with a short time course. 
Alpha Decay: The emission of a nucleus of a helium atom from the 
nucleus of an element, generally of a heavy element, in the process of its 
radioactive decay.  
Alpha Particle: The nuclei of a helium atom (with two neutrons and two 
protons each) that are discharged by radioactive decay of many heavy 
elements, such as uranium-238 and plutonium-239.  
Alpha Irradiation: Radiation with alpha particles.  
Atom: The smallest particle of an element that cannot be divided or 
broken up by chemical means. It consists of a central core of protons and 
neutrons called the nucleus. Electrons revolve in orbits in the region 
surrounding the nucleus.  
Atomic Energy: Energy released in nuclear reactions. Of particular 
interest is the energy released when a neutron initiates the breaking up or 
fissioning of an atom's nucleus into smaller pieces (fission), or when two 
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nuclei are joined together under millions of degrees of heat (fusion). It is 
more correctly called nuclear energy.  
Atomic Number (symbolized Z): The number of protons in a nucleus. It 
determines the chemical properties of an element.  
Atomic Weight: The nominal atomic weight of an isotope is given by the 
sum of the number of neutrons and protons in each nucleus. The exact 
atomic weight differs fractionally from that whole number, because 
neutrons are slightly heavier than protons and the mass of the nucleus is 
also affected by the binding energy.  
Background Radiation: Radiation from cosmic sources, naturally 
occurring radioactive materials, including radon (except as a decay 
product of source or special nuclear material) and global fallout as it 
exists in the environment from the testing of nuclear explosive devices. 
The typically quoted average individual exposure from background 
radiation is 360 millirems or 3.6 millisieverts per year 
Becquerel: The SI unit of activity equal to one disintegration per second. 
[37 billion (3.7x1010) Becquerel = 1 curie (Ci)].  
Beta Decay: The emission of electrons or positrons (particles identical to 
electrons, but with a positive electrical charge) from the nucleus of an 
element in the process of radioactive decay of the element.  
Beta Particle: A charged particle emitted from a nucleus during 
radioactive decay, with a mass equal to 1/1837 that of a proton. A 
negatively charged beta particle is identical to an electron. A positively 
charged beta particle is called a positron. Thin sheets of metal or plastic 
may stop beta particles.  
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Beta Radiation: Radiation consisting of beta particles.  
Cancer: A malignant tumor of potentially unlimited growth capable of 
invading other tissue and of metastasis.  
Cell: The basic structural unit of the body 
Cesium, 137Cs: This environmentally important fission product is a beta-
gamma emitter and has a long half life (26.6 years). Cesium has 
metabolic properties similar to potassium. As a result it is rather 
uniformly distributed in the body. It clears from the body quickly, with a 
half life of days and weeks, and therefore has a rather low effectiveness in 
increasing cancer incidence.  
Concentration Ratio: Ratio of a compound's or radionuclide's 
concentration in an organism or its tissues to that in the surrounding 
media under equilibrium or steady-state conditions.  
Contamination: The deposition of radioactive material on the surfaces of 
structures, areas, objects, or people. The material also may be airborne, 
external, or internal (inside components or people). 
CPM:  CPM is activity unit where CPM equal 0.0166 Bq and (1Bq / gm 
= 27.02 pCi / gm). 
Daughter Products: Isotopes that are formed by the radioactive decay of 
some other isotope.  
Decay: The decrease in the amount of any radioactive material with the 
passage of time due to spontaneous emission from the atomic nuclei of 
either alpha or beta particles, often accompanied by gamma radiation. 
Every radionuclide has a definite half-life.  
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Dose: The absorbed dose, given in rads (or in SI units, (Gy) grays), that 
represents the energy in ergs or Joules absorbed from the radiation per 
unit mass of tissue. Furthermore, the biologically effective dose or dose 
equivalent, given in rem or sieverts, is a measure of the biological 
damage to living tissue from radiation exposure.  
Dose Equivalent (H): A quantity used for radiation protection purposes 
that expresses on a common scale for all radiation types. The product of 
the absorbed dose from ionizing radiation and the quality factor (Q). The 
quality factors are specified by the International Commission on 
Radiological Units and Measurements (ICRU) for different types of 
radiation and organ exposures.  
Dosimetry: The theory and application of the principles and techniques 
involved in the measurement and recording of ionizing radiation doses 
Electromagnetic Radiation: A traveling wave motion resulting from 
changing electric or magnetic fields. Familiar electromagnetic radiation 
ranges from X rays (and gamma rays) of short wavelength through the 
ultraviolet, visible, and infrared regions to radar and radio waves of 
relatively long wavelength.  
Electron: An elementary particle carrying 1 unit of negative electric 
charge. Its mass is 1/1837 that of a proton.  
Gamma Radiation: High-energy, short wavelength electromagnetic 
radiation emitted from the nucleus of an atom. Gamma rays are very 
penetrating and are shielded by dense materials such as lead. Gamma rays 
are similar to X rays. 
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Gray (Gy): The new international system (SI) unit of absorbed radiation 
dose expressed in terms of energy per unit mass of tissue. 1 gray = 1 
Joule/kilogram and also equals 100 rad.  
Half-Life: The time in which half the atoms of a radioactive substance 
will have disintegrated, leaving half the original amount. Half the residue 
will disintegrate in another equal period of time.  
Health Physics: The science concerned with the recognition, evaluation, 
and control of health hazards that may arise from accidents or 
applications that result in exposure to ionizing radiation.  
ICRP: International Commission on Radiological Protection: 
International body charged with providing an overview of radiation 
standards and regulations and information to help standardize these 
regulations. 
Internal Radiation Dose: The dose to organs of the body from 
radioactive materials deposited and retained inside the body. It may 
consist of any combination of alpha, beta, and gamma radiation.  
Ion: (1) An atom that has too many or too few electrons, causing it to 
have an electrical charge, and therefore, to be chemically active. (2) An 
electron that is not associated (in orbit) with a nucleus.  
Ionization: The process of adding to or removing one or more electrons 
from atoms or molecules, thereby creating ions and free radicals. High 
temperatures, metabolic processes, electrical discharges, and radiation 
can cause ionization.  
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Ionize: To split off one or more electrons from an atom, thus leaving it 
with a positive electric charge. The electrons usually attach to other atoms 
or molecules, giving them a negative charge.  
Ionizing Radiation: Any radiation capable of displacing electrons from 
atoms or molecules, thereby producing ions. Some examples are alpha, 
beta, gamma, X rays, neutrons, and ultraviolet light.  
Irradiate: To expose or cause Exposure to radiation.  
Isotope: Atoms of the same element that have an equal number of 
protons (and hence the same chemical properties) but a different number 
of neutrons and, therefore, different atomic weights. Although chemical 
properties are the same, radioactive and nuclear (radioactive decay) 
properties may be quite different for each isotope of an element.  
Joule: Measure of energy. Deposition of one Joule/Kg is equal to 1 Gy or 
100 rads. 
Latency Period: The average period of time between exposure to an 
agent and the onset of a health effect.  
Mass Number (symbolized A): The number of nucleons (neutrons and 
protons) in the nucleus of an atom. Also known as the atomic weight of 
an atom.  
NAS/NRC (National Academy of Science/National Research 
Council): The National Academy of Sciences is a private, nonprofit, self-
perpetuating society of distinguished scholars involved in scientific and 
engineering research. As part of NAS, the National Research Council is 
designed to associate the broad community of science and technology 
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with the needs of the government. The NRC is the operating agency for 
NAS. 
NCRP (National Council on Radiation Protection and 
Measurements): A nonprofit corporation chartered by Congress to 
provide information that protects the public against radiation and 
provides recommendations on radiation measurements, quantities and 
units.  
Neutron: An elementary particle slightly heavier than a proton, with no 
electric charge.  
Nuclear Regulatory Commission (NRC): NRC is an independent 
agency created from the Atomic Energy Commission in 1975 to regulate 
civilian uses of nuclear material. Specifically, NRC is responsible for 
ensuring that activities associated with the operation of nuclear power and 
fuel cycle plants and the use of radioactive materials in medical, 
industrial, and research applications are carried out with adequate 
protection of public health and safety, the environment, and national 
security.  
Occupational Exposure: Radiation exposure attributable to people's 
occupations. 
Particle: A tiny mass of material. Airborne particles that exist in the 
atmosphere as a solid or liquid can be natural, caused by stirring of soil 
dusts, or anthropogenic. They vary in size from coarse (diameter >3 µm) 
to fine (<3 µm). Sometimes "inhalable" or "respirable" is used to describe 
particles (<2 µm) that can be inhaled through the nose and enter the 
lungs.  
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Particulates: Fine liquid or solid particles such as dust, smoke, mist, 
fumes, or smog, found in the air or emissions 
Photon: The indivisible unit or quantum of electromagnetic radiation. 
The photons' energy determines the radiation's nature from radio waves at 
the lowest energy levels through infrared, visible, and ultraviolet light to 
X or gamma rays, which have energy high enough to ionize atoms.  
Photon radiation: Forms of electromagnetic radiation such as x-rays, 
gamma rays and sunlight.  
Proton: An elementary particle with a positive electric charge and a mass 
that is given the value 1 on the scale of atomic weights. 
Quality Factor (Q): A factor used for radiation protection purposes that 
accounts for differences in biological effectiveness between different 
types of radiation. Derived from the linear portions of the dose-response 
relationships for the different radiation types. 
Sievert: The SI unit of equivalent absorbed dose equal to 1 
Joule/Kilogram or 100 rems.  
Standard Deviation: A measure of dispersion or variation, usually taken 
as the square root of the variance.  
Tumor: Any abnormal mass of cells resulting from excessive cellular 
multiplication or lack of differentiation.  
X-Ray: Penetrating electromagnetic radiation (photon) having a 
wavelength that is much shorter than that of visible light. These rays are 






The Properties of Common Radionuclides Physical Characteristics 
  










β, 0.198 (72%) 24.1 days Thorium-234 (234Th) 
β, 2.29 (98%) 1.17 minutes Protactinium-234 (234Pa) 
α, 4.773 (72%), 4.721 (27%) 2.45× 105 years Uranium-234 (234U) 
α, 4.688 (76%), 4.621 (23%) 7.57× 104 years Thorium-230 (230Th ) 
α, 4.785 (94%), 4.602(6%) 1.60× 103years Radium-226 (226Ra) 
α, 5.49 (99.9%) 3.8235days Radon-222 (222Rn) 
α, 6.003 (100%) 3.11 minutes Polonium-218 (218Po) 
β, 0.65 (50%) 
γ, 0.295 (19%), 0.352 (37%) 
26.8 minutes Lead-214 (214Pb) 
β, up to 3.26 MeV; 
γ, 0.609 (46%), 1.120 (15%), 
1.765 (16%) 
19.9 mnutes Bismuth-214 (214Bi) 
α, 7.687 (100%) 1.64 ×10-4 
seconds 
Polonium-214 (214Po) 
β, 0.015 (81%) 23.34 years Lead-210 (210Pb) 
β, 1.161 (100%) 5.01 days Bismuth-210 (210Bi) 
α, 5.297 (100%) 138 days Polonium-210 (210Po) 
none stable Lead-206 (206Pb) 
α, 4.01 (77.8%), 3.95 
(22.1%); 




α, 4.22 (5.7%), 4.32 (4.4%), 
4.40 (55%), 
4.56 (4.2%), 4.37 (17%); 










Measurement of Radiation in Soil in the Middle of Gaza Strip 
Detectors Distribution in Soil at Middle of Gaza Strip 
* Area Name: D…………,M………..,B………..,N………….. 
* Number of location in the area:…………….. 
* The type of device :- 
              1- CR-39…………………………. 
                      a- Detector Serial Number…… 
              2- Gamma Spectrometer…………. 
              3- NaI Detectors………………… 
              4- Portable Electra Plus………….. 
              5- Gieger Counter……………….. 
* Soil Type :- 
              1- Clay………………              5-Gravel…………… 
              2- Coarse clay……….              6-Sand ….………… 
              3- Fine clay…………..             7-Silt………….…… 
              4-Crushed rock………….. 
* Exposure Period :- 
Date of Distribution :……………………… 
Date of Collective    :………………………… 
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  الوسطي اطقاإلشعاع في التربة في المنالكشف عن 
لقد تم في هذه األطروحة قياس النشاط اإلشعاعي لجسيمات ألفا وبيتا وإشعاع جاما في التربة 
 كاشف الحالة الصلبة : باستخدام خمسة كواشف وهي وذلك بشكل عام،الوسطيفي المنطقة 
 وعداد جيجر،  CR-39  لمعروف تجارياَ باسم، للمسارات النووية وا)مجراع الرادون السلبي(
  وجهاز الكترا بلص المتنقل، حيث تم تقسيم المنطقة الوسطىالعداد الوميضيومطياف جاما و
 عينات من كل ج والمغازي ودير البلح وأخذت عشرالبريإلى أربعة مناطق هي النصيرات و
ينات ووزنها واحد منطقة على عمق متر واحد من سطح األرض وأخذت كل عينة من الع
كيلوجرام، ثم أزلنا منها الحصى والجذور ووضعنا العينات األربعين في أكياس بالستيكية، ثم 
 ا  مرتبان ووضعن80قسمت كل عينة إلى قسمين ووضعنا كل قسم قي مرتبان فتكون لدينا 
CR-39 2 بمساحة cmÕ1.5 cmي  وتم إبعاد سطح التربة ف من الداخل على غطاء المرتبان
ثم وضعت في خزانة محكمة وبعد صغيرة، وأغلقنا المرتبانات جيداً العينة عن الكاشف مسافة 
 )2004أواخر شهر ديسمبر شهر أكتوبر إلى أواخر خالل الفترة الممتدة من  (مرور شهرين
  وعولجت كيميائياً باستخدام محلول هيدروكسيد الصوديومكواشف جمعت الكواشفعلى ال
(NaOH)  6 بتركيزM 700  وعند درجة حرارةC  عد لذلك  ساعات5ولمدةفي فرن م 
  (3cm2)دت المسارات المتولدة في الكواشف والموجودة في وحدة المساحة، ثم عالغرض
  . مناطق واضحة على الكاشف10 عبر(40Õ10)مجهر ضوئي قوته ب باالستعانة
 Bq/m3 23.47 وBq/m3 2.8وقد وجد أن تركيز إشعاع ألفا في أماكن الدراسة يتراوح بين 
، وتبين أن القيمة المتوسطة لتركيز Bq/m3 23.47 هيألفا إشعاعوأن القيمة العظمى لتركيز 
غرى لتركيز إشعاع ألفا وأن القيمة الص،Bq/m3 6.36  يساويالوسطى في المنطقة ألفا إشعاع
كيز ، ووجد أن تر2.73 مع متوسط االنحراف المعياري الذي يساويBq/m3 2.8 يساوي
 البريج ،Bq/m3 5.54 ، المغازي Bq/m3 8.87دير البلح : في كل موقع كالتاليألفا إشعاع
5.96 Bq/m3 5.096  ، النصيرات Bq/m3.  
 cm 2ثم قمنا بتعريض العينات األربعين على جهاز عداد جيجر وأبعدنا عينة الرمل مسافة
 ، ووجد أن تركيز sec 300عن المجس للجهاز ثم حسبنا نبضات الجهاز خالل مدة مقدارها 
 ، CPM  12.6 و CPM 6.6  النشاط اإلشعاعي في التربة في أماكن الدراسة يتراوح بين
  مع متوسط  CPM 11.23 وتبين أن القيمة المتوسطة للنشاط اإلشعاعي في التربة يساوي
 III
: ووجد أن النشاط اإلشعاعي في كل موقع كالتالي ،3.11 االنحراف المعياري الذي يساوي 
،  CPM 10.57، والبريج CPM  10.78 ، والمغازي CPM 10.69 ح البلدير 
  .CPM 12.88والنصيرات
 إليجاد تركيز النشاط اإلشعاعي للنظائر  العينات األربعين على جهاز مطياف جاماوتم فحص
التي لح والمغازي والبريج والنصيرات  لمنطقة دير البالمشعة الموجودة في عينات التربة
تعرف عليهم الجهاز ومن النتائج تبين أن منطقة دير البلح بها أعلى متوسط تركيز إشعاعي 
مقارنة بالمناطق األخرى، وأن منطقة المغازي بها أعلى  (pCi/gm 0.59) 129-لنظير اليود
وأن لمناطق األخرى، مقارنة با (1.47pCi/gm) 125-متوسط تركيز إشعاعي لنظير اليود
 0.68 (51- والكروم137-منطقة البريج بها أعلى متوسط تركيز إشعاعي للنظيرين السيزيوم
pCi/gm 0.78  و pCi/gm (وأن منطقة .  على الترتيب مقارنة بالمناطق األخرى
مقارنة ) pCi/gm 0.26 (57-تها أعلى متوسط تركيز إشعاعي لنظير الكوبالالنصيرات ب
  .خرىبالمناطق األ
 مقارنة بللعينات إشعاعي عالي جداً ولوحظ أن إحدى العينات في منطقة دير البلح بها تركيز
    . pCi/gm  2.45  وساوى129-اليود  مناألخرى
 و أوجدنا طيف كل عينة أيودينثم قمنا بتعريض العينات من كل منطقة على جهاز صوديوم 
 مستويات اإلشعاع متدنية لجميع ن النتائج أنفي المناطق األربعة المشمولة بالدراسة ولوحظ م
  .العينات المشمولة بالدراسة
 وبيتا ألفا إشعاع العينات على جهاز إلكترا بلص المتنقل وأوجدنا تركيز نشاط درسنابعد ذلك و
 ح  في منطقة دير البلألفا إشعاع ووجدنا أن متوسط تركيز نشاط األربعينللعينات 
CPM0.24 يوالمغاز CPM0.53 البريجو  CPM0.48 والنصيرات  CPM0.43  ،
  والمغازي CPM26.29 ووجدنا أن متوسط تركيز إشعاع بيتا في منطقة دير البلح
CPM23.87 والبريج CPM25.77والنصيرات  CPM 24.28 إن أهمية هذه الدراسة ، 
ترتبة  عن تركيز اإلشعاع بشكل عام وآثاره الصحية الماستقراءاتتكمن في تزويدنا بقياسات و
  . النظر البيئية عليه، وخصوصاً من وجهة
 
  
  غـزة-الجامعـة اإلسـالمية
ــا  ــات العلي ــادة الدراس   عم
  كليـــــة العلـــــوم
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